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VIBRATOR SYSTEMS AND ROCK COTTER TYPE 
UTILIZATION MECHANISMS 



This invention relates to an orbiting radial force pulse 
type. vibrator, to specific fluid pulsator systems (including spe-) 
.^^J^s^ner-a^^ receivers) f or ^e^g 



J 



the force field, and to rock cutting type utilization mechanisms. 

Others have proposed making rock cutters vibrate for the 
purpose of enhancing their cutting action. However, no earth 
mining machine is known which comprises small mass cutter wheels 
which, normally orbit and a large mass backup structure which orbiJ 
whenever cutting wheel movement- is restrained by the material bei| 
cut, and in so doing establishes high order inertial forces which \ 
are transmitted through the stalled cutter(s) to the earth j 
material. 

i 

U.S. Patent No. 2,659,585, issued November 17, 1953 to * 
Robert A. McCalllum discloses a technique of digging or breaking ) 
earth material by use of a rotary digging head which contains an \ 
out-of-balance weight. Rotation of the assembly results in a \ . 
simultaneous rotation and vibratory movement of digging elements ) 
carried by the head. In this system the vibratory movement is 
caused solely by the rotating weight, and it i 5 necessary for 
such weight to be relatively large if its addition is to materiall) 
enhance the digging action. The digging wheel and the weight are 
supported by a relatively husky drive shaft which' in turn is sup- 
ported by several apparently large capacity bearings. j 

CSS Patent No. 3,235,311 relates to mining machines com- 
prising cutter bits which are normally forced into the material 
which they cut by machine or cutterhead advancement alone, but ^ 
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* to reciprocate in the manner of a percussion bit 
are adapted to recxproua mate rial 
they encounter above no-* resistance 

, NO 3 193 256, issued July 6, 1965 to George 
U.S. Patent No- 3,193,^*, 

„ hi =K ootpot U J ^ t - ^ 

„„onanis.» *■»*•=>«» » «« uc tura, "hich is ! 

oortea „» .' xalativsxy large «« s«»ot»r». , 

nonptea to xts.lt „ans»it a Mgh ;,: 

«— — * " S " " snoH small — ^ 

to -h^ver load is t.naxng to xes«.xn ^ 

member against movement. 
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According to one aspect of the present invention 
there is provided a vibrator system for imparting 
vibrations to an object, comprising: a relatively 
large back-up mass; a mounting member rigidly connected 
to said back-up mass; a relatively small mass member, 
with o ne of said members en ^cs3JLflg.--tb^^th-er-; — said — ~ 
small mass member being constrained to movement in an orbital 
path and, unless restrained by contact with the 
object to be vibrated, further constrained to limited 
movement in any radial direction relative to said 
mounting member; and hydraulic" means for generating 
short duration radial force pulses between the members, 
each pulse to displace said small mass member in such 
limited radial movement, and for cycling said pulses 
sequentially around said orbital path of the small 
roass -member to cause such orbital and radial movement of 
said small mass member when it is not restrained by, and 
imparts vibrations to, the object, and to cause a 
reactive force counter-directional to such orbital movement 
which acts on the back-up mass, when said small mass is 
- } restrained by contact with the object, with transfer 
of inertial force of the back-up mass, due to its 
resultant movement, to the relatively small mass and from 
the relatively small mass as vibrations imparted to the 
object* 

According tc a further aspect, there is provided 
a' vibrator system for imparting vibration to an object 

comprising : 

a relatively large backup mass; a mounting 
^ rigidly connected to said backup mass; a relatively 

4 6 6. 2 4 4 
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h with one of said meters encircling the ether, 
•ill mass member, wxth _ ^ ^ 

• a *o limited radial movement in any radx 
farther constrained to iimiw 



^"^^^ £or ce pulses between the 

for derating short duration radial f or P 

•„<„„ « ring of vari»»l« voltme £l>"- a vl 
-i* „ expanse - — * « ^ ^ 



n*iv« cyclic fashion around sain riiw. 

« protein, soch «bxt» M — vibra _ 
„!. — — " - ™" """' a W ' " oiMtal _„t 

„op _ ~- - 

the moving backup mass to said re 
parting vibrations to the object. 

4.^™ of this invention has genera 
The vibrator system of this 

„. — — — ::::: „ _ 

— - - -IT-IT-* ^ . 

p.riphcral cutting the 9 shoi „ by 

bel „ g M earth fining « ' ^ ^ 
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FIG. 3 of the aforementioned U.S. Patent No. 3,235,311; the 
type disclosed by U.S. Patent No. 3,232,670, issued February 1, 
1967 to Richard J. Robbins et al; or the type disclosed by U.S. 
Patent No. 3,200,494, issued November 30, 1965 to Robert E. 
Cannon et al. 
P-r-e-f^r^rr^ht^^ 



pulsator type fluid system in which the orbiting cutter wheel 

and its mounting member are principal components of the pulse ^ 

receiver, and such pulse receiver includes a ring of variable j 

) ' volume fluid chambers which receive fluid pressure pulses from f 
a pulse generator having a like number of variable volume chambers^ 

each of which is coupled to one of the chambers of the pulse f 

receiver. In operation, columns of a substantially incompres- j 

sible fluid are moved through interconnecting back and forth j 

conduits between the variable volume chambers of the generator j 

and the corresponding variable volume chambers of the receiver, j 

primarily by an energy input into the generator. However, one J 

principal advantage of the pulsator type system in a rock cutt- j 

i„g mechanism is that energy transmitted to rock which does not j 

break hut rather reacts elastically is transmitted by the rock ) 
back into the system for moving the fluid columns back to the 

generator. * 
Reference is now made to the accompanying illustrations o£j 

certain embodiments of the invention, whearein like numerals refe*; 

to like parts, and wherein: ■ 
FIG. 1 is a diagram depicting a large backup mass still ) 

and .a small mass orbiting; 

FIG. 2 is a diagram similar to FIG. 1 but depicting the 



) 



6 4 6 6. 2 4 



-Received Tin>| 6 Aug-«1Q:59, 



06/08. '03 11:07 FAX +61 2 62811238 

+ 61^62811238 

18.912 I 70 



IP AUSTRALIA SALES 



0010 



small mass restrained and the large mass orbiting ; 

FIG. 3 is a transverse sectional view taken through the 
midportion of a rock planing machine typifying one aspect of the 
invention, the section being taken substantially along line 3*3 
-of— FIG— 4-; : : ' 



FIG. 4 is a top plan view of the planing machine of FIG. 3, 
shewing a portion of the machine in section, such view being 
taken substantially from the aspect indicated by line 4-4 of 
FU 3 5; 

FIG. 5 is a side elevational view of the mining machine look 
-ing toward the cutterhead side thereof; 

FIG. 6 is an axial sectional view of one of the cutter 
assemblies, taken substantially along line 6^6 of FIG. 7; 

FIG. 7 is a cross sectional view taken through the cutter 
assembly, substantially along line 7-> 7 of FIG. 6;. 

FIG. 8 is a diagram showing the fixed true center of the • 
mounting head in relationship to the circular path of travel of 
the true center of the cutter wheel; 

FIG. 9 is a view similar to FIG. 7 but of a modified form 

vibrator; 

FIG. 10 is a cross sectional view of a pressure pulse 
generator typifying another aspect of the invention, taken sub- 
stantially along line 10-10 of FIG. 12; 

FIG. 11 is a cross sectional view of the pressure generator 
taken substantially along line 11-11 of FIG. 12; 

FIG. 12 is an axial sectional view, taken substantially 
along line 12-12 of FIG. 10; and 

FIG. 13 is a fragmentary perspective view taken in the 
region of contact between the base portion of one of the pistons 
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and the associated flat peripheral surface of the piston operator, 
showing the guide element which prevents rotation of the piston. 

.Herein the term "orbiting" means the center of the orbiting 
member travels a circular path with little or no actual rotation 

_0XJ:he^eiTfcex-^-O:u^^ 1— di^g^ainmat-ieal-ly-' 



shows a small mass member m (e.g. a cutter wheel) orbiting relat- 
ive to a stationary large mass backup structure M. FIG • 2 dia- 
grammatic ally shows the small mass member ra still (as when re- 
) strained) and the large mass member M orbiting- In each case the 

inertial force f , F is a product of the mass m, M and the angular 
acceleration, 2 - Since the angular acceleration is constant 
(because the displacement is constant) the ratio of the inertial 
forces equals the ratio of the masses. Thus, for example, if 
the large mass M is one -thousand times as great as the small 
mass m, the inertial force F of the large mass M, when the small, 
mass is entirely still , is one thousand times the inertial force 
f of the small mass m. Accordingly, when the small mass m tends 
to stall the large mass M begins to work, and the greater the ten- 
dency to stall the greater the contribution of the large mass M- 

The planar shown by FIGS . 3-5 is especially adapted for 
planing operations of the type described in U.S. Patent No. 
3,310,346, issued March 21, 1967 to Willie Heyer. It is shown 
to comprise a main frame 10 which carries a side placed cutter- 
head 12 intermediate its length. By way of typical and therefore 
non-limitive example, the cutterhead 12 is shown to carry four 
cutter assemblies 14. The intermediate pair of cutter assemblies 
14 are vertically oriented r and the upper and lower cutter as- 
semblies .14 are diagonally oriented so that they cut on about a 
45° angle extending between the vertical side wall being cut and 

g 4oo, :d 4 4 
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cutt erhead includes * shor ^ ^ ^ ^ includeS 

t ached to the cutterheaa 12. ^ ^ ^ ^ ^ 

a m ountin 9 head IB which is "^^^ 

a cutter wheel 20. wheel 20 com- . 

• •,1 coated embodiment eacn 
In the illustrated ^ o£ ^.^ are 

*. 07 arid a minor part 24, d 
prise s a major part 22 and 

^-lilce recess in 
to i^U* • « ^ £M ^ceiv^ the 

Th e ^ox part i— » »* iMcttp . llke „c*ss or 

ou cer e„a P-»" or the - eM q£ tM ninoi part „ 

-J- P- * ~* " e C " ; or receive *. — * — »< . 
t— « - '""" "r, secured teethe, ahout the head h, 

„, » circular array or cey rour .«rs^K 
M »s cf « tend lhrol) , h end be co»r 

. t »«d e*cdi»a»t are *«» p „ t 22 . 

, creferahXv rs f«-« - P _ „ £ the cattin, "had 
J is ^ aacarea onto a pernor P ^ ^ 

.action maXes it 
„. Thia latter coastructa MM „ al 

cc«ra, * «- • — "Jo* the cutter .beer. « 
(e . g . t «a 9 ate„ earbide, than t ^ ^ ^ ^ „„„ 

»abes it possibie to re, , » ^ ^ ^ 

out there U «m ^ 1 30 is £orM a „ the oater 

m pr.rerred for- a conrc.l 

466 2 44 
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mounting head comprises an annular: peripheral portion 34, a 
radially extending outer wall 36, and an axially inwardly, genei 
ally conical boss 3 8 sized to relatively closely fit within the t 
socket 30. As clearly shown by FIG. 6, a side recess is formed ■ ± ^ 



^•^^mounting head lb radially between the peripheral portion 



34 and the boss 38 and is sized to snugly receive and accomraodat 
the outer end portion of the shaft 16. A slight clearance is al 
lowed between the conical wall of the boss 38 and the conical wai 
of the recess 30, and such clearance forms a part of a fluid pat< 
which will hereinafter be described. 3 

The mounting head 18 is secured to the shaft 16 by a sing!: 
cap screw 40 which extends through the center of boss 38 and 
threads into the tapped bore 32. Cap screw 40 is countersunk 
into the mounting head 18 so that its head portion 42 does not . 
project outwardly beyond the outer radial surface of the mounting 
head 18. The circular end wall 44 of the cutter wheel includes 
a tapped opening at its center, coaxial with "the wrench socket 46j 
formed in the head 42 of the cap screw 40. Opening 48 is pro- 
vided with a flush cap 50 which includes a wrench socket 52. By 
way of typical and therefore non-limitive, example r the wrench 
sockets 46 , 52 may l>e hexagonal in shape and operable by a hex 
key wrench. 



An annular insert 54 made from a hard bearing material xs j 
fitted into the inner cavity of the cutting wheel 2 0 to form a | 
liner therefor. This also facilitates manufacturing a square ^ 
corner between the straight side wall and the cylindrical peri- 
pheral wall of the inner chamber. 

As clearly shown by FIG. 6, the axial length of the mount- ) 
ing head is approximately equal to the axial dimension of the innei 

•1 0 4 6 6. 2 4 4 
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. . 7n , e cl ose clearances exist between 
7it y of the cutter wheel 20, i.e. clo e 

^ .=> <-he radial surfaces 

. radial s«f=es of the *»»ntxa9 end the 

„tioaall S provided radially — -» — « »■ ~ 
, t . ai.ded 1*. a •« — — 8 ^ "7^. 

Laiity - "di-iiv — — ' ' h ~ n " ^ '° f a 

uraiity pockets, formed 

„ c iprocatin 9 vases- — 1 * ° M ^ closea 

head 1,. - ^ ^"^ z ^ 
for a single induotion-edsctxos pest (i.e. 

. port, . asa -hat.v.r leasee that -"^^^^ ^ 
J„ the illostratea entooduwnt a separata 1= 

^ £iSeS ShOE ! a « scte d to the sha.t „ a, 

- " 0< " tin3 " , 2 64 are provided is 

nao screw' 40, alignable openings 62, 
single cap screw , for reC eiving 

y. *A 18 and the shaft 16, respectiA-ell 

, llgnM at • ^ ^ with the rsdiallV 

ie ' dial ports 58 are in 

-tending outer portions of the passageways 60. 
.tenamy following 
The cutter assembly may be assembled >n 

" • -th the cutter wheel 20 apart, the bcarxng 
inner. Starting with .the cutte 

• n ,H- 22 The cap screw <tu 
ng 54 is inserted into the ma.or part 

v oart ib and then the mounting 
, inserted into <he mounting head 18, .an 

.w- ?2 Next the seals 5b, 
3ad is inserted into the outer P .rt 22. 

" - cp 70 are installed. in™ 
,e alignment pin 66 and the 0-rxn g , 68 , 

• noa]ce in qrooves formed for them 
,e O-rings 72, 74 are set xn palce 

^ n.rt 24 is set 3-nto pxace 
n.rf 2 4 and the minor part ^ 
1 the jainor part r _ w , 26 

^■f fhp cap screws ^o- 
,d secured to the major part 22, by means of the c P 

i n i- n A * 
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The heads of the cap screws 26 are countersunk into the minor . 
part 24 a sufficient distance to provide room for an annular 
groove. An annular dirt seal, shown in the far- of an. annular 
metal backed resilient member, with a circumferential^rooved^ 

: exposes surface, is press f X^^^^-^^ 

As should now be evident, the mounting head 18 , the cutter 
wheel 20 and the dirt seal 78 all together constitute a single 
unit which is attachable to the fixed shaft 16 by means of a 
• ) single fastener, i.e. the cap screw 40. It is installed by 

merely pointing the inner end of the cap screw 40 into the conr- 
cal socket 30,. turning the unit somewhat , if necessary, to 
align the projecting end portion of P in 66 with the opening or 
socket 64. «ext a hex key wrench is inserted through the access 
opening 43 and used to tighten the cap screw. The plug 50 rs 
then installed in opening 48. 

Preferably, an annular wear collar 80 is attached to the 
cutterhead 12 in the region thereof surrounding each shaft 16, 

-f flirt seal 78 contact the outer 

and- the projecting ridges of the dirt seal 

surface of the iueniber 80. 

-) ' , , £Ce ss is formed in both the outer and inner sides of ; 

the cutter wheel wall 44. The outer recess 82 merely provides a J 

clearance where contact between the cutter wheel 20 and the rocX ; 

or other material being cut is not Wanted. The inner recess 84 ( 

is provided for generally the same purpose, i.e. to provide j 

clearance where contact between the cutter wheel wall 44 and ; 

the mounting head 18 is undesirable. In addition, clearance ; 

84 serves to collect fluid that has leaked from the pulse cham- . 
. hers and direct it to axia! ports 86 wb i ch communicate recess 84^ 
with the clearance which exists between boss 38 and the wall of 

4 6 6, 2 4 4 . 
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in the radial wall portion of 

socket 30. - 85 ^ opposite siae of the 

11^4- leakaqe-on the opposite 
part 24 serves to collect leaKag 

• i K«-re> B7 through head 18 curect 
to* 18. » a " b ° re ' ■„.. , atteI soi = e vU a collee- 
» the recess 84. ««. t^a-ft"-^ 

ta . b ee» recced »d the bUlx-*— ? 9 

be )omit «a. » aireetlo „ 0£ pul8 e ^ « 

-4™" In operation of tne 
■phase »W- cyclic f«hipn. 

—I :; :: m r*: » — » — -~ ths r r 

movement of the cur. substance into 

• ^aainst movement by tne 
wheel 20 is restrained aga.n the head 

v. i ?0 is being moved. In l j.^ 

„o- — 1. <»- and polse 

\7tt is substantially cav« 

. m2V i ml vm volume. ^n 
chamber I is at maximum incre3se 

X, .ill be at maximum volume, pulse cham-s I ^ 
" - volume ana P ulse ^ ^ ^ 

what in. volume, and the true center CC^ ^ 

shift in position somewhat on its orbit CC °- re strained 
As will be evident, whe, the cutter wheel 
As will De being advanced, 

fro, movement by the material into wh.cn > ^ 

-■ v. *d 18 tends to shift rather than the 
the mounting head 18 tena 

A C P. 9 / 
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20. The forces tending to cause orbital shifting movement of 
the mounting head 18 are transmitted through the cutterhead 12 
to the frame, which as will be later described in some detail 
is intentionally constructed to contain considerable mass. The 
fluid forces transmitted through the mounting head 18 cause the 



. frame to orbit, and as it moves a relatively high order inertial 
force is transmitted by it back through the mounting head 18 to 
the cutter wheel 20 and from the cutter wheel 20 to the rock. 
The fluid system is regenerative during the periods the rock is 

J acting elastically, in that the rock transfers the energy it 

receives back into the system. During operation, of the cutter 
the energy input into the hydraulic system equals the energy 
withdrawn plus losses.' During the period of rock elasticity 
very little energy is withdrawn- Hence, the energy input is 
relatively low until the rock actually breaks, at which time the 
strain energy of the rock is lost and an equivalent amount of 
energy is withdrawn from the system. 

Owing to the geometry of the system the force experienced 
by the cutter is determinate and can be limited to a finite maxi- 

) mum. Further, the fluid, though basically incompressible, provi- 

des a considerable degree of cushioning under shock loading - 
If a mechanical drive system were employed, there would essen- 
tially be an unlimited upper limit on the force experienced by 
a cutter when shock loaded. In designing the system of this 
invention, a maximum force may. ^be chosen which is below the 
fracturing force of majiy hard and brittle materials, such as 
tungsten carbide,, for example. Hence, the controllability of 
the maximum loading on the cutter makes it possible to success- 
fully employ these materials for the cutting parts. 

4 6 6. 2 4 4 
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mKlip5 are driven out of phase with 
The four cutter assembles 

v there is a phase dirier 

' . - i o in a manner such that tuere i 
each otner, i.e. m . combined 

nulses in each cutter, so that trie 
ence between the pulses _ _ 

itmt of the restraining force on all the cut 
resultant of ui oosSx ble force being 

- - , m This results in the largest pos^ioi 
at a minimum. This re , malleSt pos sible back- 

T^-^-r-iitbe-r— by— the^JnaJi§Si-fc^ — 

♦•->,- • > t-o tKe^orkxng-cTw-^ 3 - Uf 

transmitted to m« e4 -™ c tiire is not being 

the mass of the backup structure 
up structure, since the ma 

=n of the cutters but rather 
divided equally between all of the 

concentrate* on only one of -the cutters at a ti e . 

^ sealing P-ble* is not p^.« — " 

_v a eo difference between v 
w ..:flpd a small phase , - * 

xs- provided a pressure dx£ 

^ t-vtt and as a rei>uj.i- 
..aj.cent P» lS e cheers X «. ^ 

hiaher maximum pre^>~" 
.akes it possible to employ h.ghe aiffere „tial 

i* hp oossible if the pressure ai*x 
receiver than would be poss.it> 

were greater. ^ ruct ion of the pressure 

FIG. 9 shows a modified construction 

m . le as a concrete form vxbrator- 
, a uu for example, a.s a 
receiver, usabl-, including, a plura- 

_ ^nrise a mounting neact 10 
> is shown to comprise ^ rs S 2, each containing . 

* radially extending piston chambers 9*. 
litv of radially w< rpcti onal 

, 5 are cvcled through ba direction 
• + nn 04 Pressure pulses are cyd 
a pxston 94. of the 

fl ow passageways 95 into the space . ^ ^ 

aA nn the same manner the pulsing is 

receiver of FIGS . g6 ^ orfca _ t 

-..use the small ma.,s 
pistons will normally cause 

^ X of the mounting member lb - 
about the true center X ^ 
A preferred form of pulse generator - 
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12 to comprise a main body in the nature of an open centered 
bloc* 9 8 having formed therein two axially spaced banks of radial 
piston chambers, each preferably in the form of a cylindrical 
bore 100. Each chamber 100 is equipped with a piston having . 

_ _ . -% - _ j_ ^ 4 



100, and a flanged base 104, The pistons 102 are fitted into the 
bores 100 from the space within the body. A countersink 106 is 
provided in the body in the regie, of the outlet from each piston 
chamber 100. A tubular inner portion 108 of an inlet-outlet fit- 
ting HO is received in the counters** 106, and the . fitting 110 
is secured to the body by means of a pair of cap screws 112. A 
small bore 114 extends ■ axially. through the inner end portion of 
the fitting and a slightly larger diameter bore 116 continues 
herefrom and extends through the remaining portion of the fitting 
The end of a conduit 118 which communicates the piston chamber 
with its associated pulse chamber in the pulse generator fits 
into each outer bore 116. An annular chamber 120 is formed in 
the inner portion of the fitting about the inner bore 114, and a | 
relatively narrow gap passageway 122 extends inwardly from each . 
• } said chamber 120 and terminates in an annular outlet which is , 

generally flush with the inner end of the fitting, and is border- . 
ed on each side by a flat end surface of the fitting. [ 
Kef erring now to FIG. 12, an annular manifold 124 is formed J 
in the left (as pictured) end plate 126. A fluid delivery port, . 
shown in the nature of a bore 128 formed axially through the 
radially outer portion of the body, communicates the annular 
manifold with an annular passageway 130 surrounding the inner ^ 
end portion of thWfitting, ^d such annular passageway 130 is 
in communication with the annular chamber 120. 

4 6 6. 2 4 4 . 
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The annular outlet from each passageway 122 is normally 
rlosed by a flat washer valve 132 which is normally biased out- 
wardly by. a washer like spring 134. The spring 134 is sand- 
wiched between the movable washer valve 132 and a fixed washer 

its piston chamber. As shown, the spring 134 is in the nature 
of a bowed washer. It is resilient enough that it will flatten 
out when subjected to enough pressure by the washer valve, per- 
adt/lg the valve to move inwardly and unblock the annular passage- 
way. This type of valve is quick to respond. It has to be quick 
because the time period for delivery of makeup fluid is very short. 

The annular manifold 124 in end plate 126 receives makeup 
fluid via an inlet port 138, from a booster pump 140 shown only 

schematically in FIG. 12. 

The two end plates 126, 126' are secured to the. body 98 
each by means of a circular array of cap screws 142 or the like. 
0-rings 144, 146 are inset into the body on the radial inner and 
outer sides of the annular manifold 124. The end plates 126, 126- 
hav'.open centers for receiving roller bearings 148 or the like 
which surroundingly engage and support for rotation a dri^e shaft 
150. The drive shaft 150 is shown- to include two outwardly extend- 
ing, splined end portions 152, 154, one of which is connected to 
to an electric motor or other prime mover (not shown) . 
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vhe opposite end of the shdirt may be secured to one end of 
a similar pulse generator, so that both of the generators 
can be powerec by a single drive mechanism. In the usual 
fashion, e seal assembly 158, including an annular seal 
member 160 which surroundinglyengag.es the shaft ISO 

immediately outwardly 'of the bearing, is secur ed to each . 

end plate 126, 126' . 

Interiorly of the body the shaft includes a pair of- 
. circular cams 162, 164 which are eccentrically related to 
) the shaft proper. As Fig. 12 and a comparison of Figs. 10 
and 11 will show, the cams 162, 164 are offset from each 
other generally on opposite sides o£ the shaft, so that 
the radial loadings on the shaft during operation are as 
close to being balanced as is possible. In the illustrated 
embodiment each ban* of pistons comprises six pistons. 



J 



18 

Received Time 6 . Aus • 10:59 



4 6 6. 2 4 4 



16/08 03 11:10 1-AA +t>l ^ b^811^J0 

+61 2^11238 

18.912 / 70 



The twelve pistons are phased thirty degrees (30°) apart and are 
operated in the sequence depicted in FIG. 11, using for each pis- 
ton the. number of its corresponding pulse chamber in FIG . 8. 

Referring to FIG. 12, a plate type counterweight 166, 168 

radially outwardly from the shaft 150 on the side thereof opposite 
the cam. The weights 166 , 168 are sized and weighted appropriate- 
ly to substantially counterbalance the centrifugal forces generat- 
ed by the rotating and reciprocating parts . 

As clearly shown by FIGS. 10 and 11, the inner cavity of 
the body 98 is in the shape of a'polygon and has the same number . 
of sides as there are pistons. In the illustarted embodiment the 
cavity for each ba* k of pistons is hexagonal. An operator member 
170, 172 which has the same cross sectional shape as the cavity, 
but diametrically is somewhat smaller, snugly surrounds each cam 
162, 164 and is moved thereby. The flat inner end surfaces of 
the pistons abut the flat peripheral surfaces of the operator, 170, 
172. The cavities and the shaft 150 have the same center, but the 

icn ia ^ offset from the center of rotation., 
.center of the cams 162, 1.64 is ottset 

•is a result, the cams 162, 164 shift the operators 170, 172 around 
the periphery of the cavity as the shaft 150 rotates. As the . 
operators shift they sequentially displace the pistons outwardly 
and permit sequential return of the pistons. 

Guide clips 174 CFIG. 13) may be secured -to the side sur- 
faces of the operators closely adjacent the bases of the pistons, 
such, clips 174 each including a" pair of guide fingers 176 which 
loosely project over outer surface portions of the flanged bases. 
These clips 174 prevent unwanted rotation of the pistons but at 
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the same titne permit the relative sliding motion between the pis- 
ton bases 104 and the operators 170, 172 which wants to occur 
while the operator is shifting. The fingers 176 also help to 
return the pistons during the phases the operator movement is 
radially inwardly. - ,, - 



As illustrated in FIGS. 10 and 11, cavities are provided 
in the operators 170, 172 between them and the cams 162, 164, 
and in the inner end surfaces of the pistons, between them and 
the operators 170, 172. These cavities are in constant communi- 
cation with the pressure chambers, via meter orifice containing 
ports 180, 182, so that a balancing fluid cushion exists where 
linear sliding occurs between the pistons and the operators 170, 
172, and where rotational movement occurs between the cams 162, 
174 and the operators 170, 172. 

Referring now again to FIGS. 3-5, the cutterhead 12 is 
shown to be bolted" to a husky side beam 200 constituting part of 
the main frame 10. The pressure pulse generators PG and their 
drive motors M are mounted on a deck 202, laterally inwardly of 
the cutter head 12. As shown by FIG. 3, the cutterhead 12 is 
hollow, and the fluid conduits 90, 118 fan out within such hollow 
interior and lead outwardly to the ports 60 in the fixed shafts 
16. From within the cutterhead 12 the conduits extend inwardly 
of the machine through a transverse opening 204 extending through 
both the side beam 200 and a side plate portion 206 of the main 
frame 10 to connections on the pulse generators. 

Large and heavy -pieces of steel 208 are secured to the 
main frame 10 both forwardly and rearwardly of the cutterhead 
12 to increase the mass of the machine to the required amount. 



20 4 66 ' 24 * 



Received Time 6-AuS- 10:59 



,6/08 .'03 11:11 FAX + 61 2 62811238 ^IP ALALIA SALE S 

+ 61 2™1I238 

18.912 / 70 



MjuStabl e suppo^ shoes 2X0, 21, are suppose. 

. t rhead side of the machine, near, the front ^ rear ends 
cutterhead side ^ he&vy 

^^pctivelv, and generally m i«> 
the machine, respectively, 

iah ts The shoes 210, 212 are. pivot ally attached to 
.eights. fe ^ c£ _ J ^ Ua lly fro, fluid operated ad- 

-^^-p-rstons^c-h^-ect ^ . ^ ^ 



^^f^i-stons^:n^^ gecured to the 

justm ent ra^, the cylinders of which are rxg Y 

^ Te si of the machine opposite the overhead 12 travels, 
a .cor ^ « — . — rail - - a P^er 
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f..0iv/eyor 21B of the type discl'osea" T>y U.S. Patent No. 2,746,651, 
ar.c U.S. Patent No. 2,591,514, for example. The machine is 
guided during movement by a pair of lever arms 22 0, one at the 
fr>ont and one at the rear of the machine , having claws 222 at 
their lower ends which engage the floor rail 216. The levers 220 
are pivoted intermediate their ends at 224 to the frame 12, and 
are connected at their upper ends to horizontally disposed fluid 

actuators 226 . By virtue of this arrangemen t the horizontal 1_ 

distance between the claws and the side wall being mined can be 
adjusted by merely varying the stroke of the actuators 22'6, and 
the ground rail 216 does hot have to be moved after each cut 
) taken by the machine. Further, the actuators 226 can be moved 

differentially so that the lead angle, or angle of cut, can be 
adjusted. 

The machine may be moved longitudinally by means of trac- 
tion wheels 23 0 turning on a traction chain 232 that is firmly 
anchored at each of its ends. The traction wheels 230 are 
reversible so that the machine can be moved in either direction. 

A deflector-scraper member 234 is hinge connected to the 
frame on each side of the cutterhead within the line. of travel. 
These members 234 are hinge connected to the frame at 236, near 
the ends thereof which are farthest from the cutterhead. As a 
result, when the machine is moved in one direction the leading 
member- 2 3 4 automatically closes when contacted by the floor 
material and the trailing member Z34 automatically opens and 
functions to direct the cuttings on the floor rearwardly to a 
fixed inner deflector 238 which in turn directs the cuttings up 
a ramp-like apron 24 0 and then .off the apron onto the conveyor 
belt. 
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The claims defining the invention are as follows .- 

1 a vibrator system for imparting, vibrations 

fflnrislna , a relatively large back-up 
to an object, comprising. 

massi . hunting «e»ber rigidly connected to seid 
e relatively «U. — * 

mass „e„.e r -ein, -stoned to ««— In en otMte! - 
path a „a, u„le S5 ^ttelne, B y cootect t,e o bJ ect 

I „e —ted, f u,tnet constrained to U^ted 

A any ra d ia > direction relative to said ^ountin, 

an d Hydraulic *eans foe 9 en«t a ti„ 9 short auction redlai 

sai d sm .U MSS „e„>er in - h UMted rediai — t, 
a „a *or evelin, said poises serially around said 

orbi tal end radial — t of said «U — — ' 
°- j imn; ,rt5 vibrations 

wh en it is not restrained by, and imparts 

. i p mass, when said small mass is 

t .*.h transfer of- inectial force of the . 
with the object, with transfer . 

Hue to its resultant movement, to the 
back-up mass, due uo i« . 

anti from the relatively small mass 
relatively small mass and from 

as vibrations imparted to the object. 

\ A vibrator sy St em according to claxm a, w e 

,^ rri^ ^aid mounting 
n m^^^ member encircles s*j.vj 
s*id relatively small mass memo 

member and inclu.es an exposed e^,- 
A vibrator system according to claim , 

k •« a cutter wheel and said exposed 
said small mass member is a cutter 

,-nr-lades a cutting portion, 
exterior portion includes a 4 G 6 2 4 
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4. A vibrator system according to any one of the preceding 
claims, wherein said means for generating short duration force 
pulses comprises a ring of variable volume fluid chambers and means 
for distributing fluid pressure pulses from chamber to chamber in 

^-fepet^i-ve-sy^l-i-c-fashion-a round-s aid-ring — 

5. A vibrator system according to claim 4, wherein a 
radial gap is formed between said members and said fluid chambers 
axe formed by and between circumferentially spaced seals carried 
by at least one of said members, with the fluid pulses insaid 
chambers pressing both radially inwardly against the surrounded 
member and radially outwardly against the surrounding member. 

6. A vibrator system according to claim 4, wherein said 
fluid chambers are radially disposed piston chambers formed in 
one of said members, and said chambers each contain a piston 
having a first end forming a wall of the chamber and an opposite 
end in force transmitting contact with theother member. 

7. A vibrator system for imparting vibration to an object 

comprising: 

a relatively large backup mass; a mounting member rigidly 
connected to said backup mass; a relatively small mass member, wit* 
one of said members encircling the other, and with the small mass 
member being constrained to movement in an orbital path and, 
unless restrained by contact with the object, further constrained 
to limited radial- movement in any radial direction relative to 
said mounting member; hydraulic means for generating short dura- 
tion radial force pulses between the members comprising 
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< iab le volume fluid vibrator chambers which are 
a ring of variable 

expansible and control, radially and are 

To a -ingle fluid p.M*-Y ~* 

s both a fluid supply and exhaust p.«*« 

SSrVin9 1 r- and means for distributing fluid 

for the chamber, ana r 

nr ^ r ^v to passageway and in 

-pulw-^ rom pas^ag 1 fas hion arouna 

v^,- in repetitive cyclic xas. 
from chamber to chamber m rep ^ 

atinq of tne ^ UAU 
rina to cause cyclic oscillating 
said, ring, w t orbiting 

passageways a„o =*a„,ers fo ^ ^ ^ 

a n — ° \ rt vlbrati „„s to, said 

♦ mined by, and to impart viora 

• l * c unrestrained > _ _-,jd 

it is ^ nre rtrMtal movement of saia 

• _ coU nt e rdirectional orbital. 

obj ect, and a coun . is grained by 

b acKu P mass when said snail ^ 

sald object, attended. by a trans . ^ 

force of the moving backup mass said 

.Rations to the object. 
mass member for imparting vibrations 
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• 8o a vibrator system according to claim 7, wherein a 

radial gap is formed, between said members and said fluid 
chambers are formed by and between ci rcumf erentially spaced 
seals carried by at least one of said members , with the fluid 

the surrounded member and radially outwardly against the 
A'j '.i crsurtqin ^ member. 

9. A vibrator system according to claim 7, wherein said 
fluids chambers are radially disposed piston chambers formed 
in one of said members, and said chambers each contain a 
piston having a first end forming a wall of the chamber and 

an opposite. end in force transmitting contact with the other ' 
member. 

10. A vibrator system according to ' any one of claims 
7 to 9, wherein said means for distributing fluid pressure 
pulses from passageway to passageway comprises a pressure 
generator including means forming a plurality of variable 
volume chambers, each of which is in communication with a 
.related one of the vibrator chambers via its supply-exhaust 
passageway, and means for harmoniously expanding and contract- 
ing said generator chambers, to causa a harmonious shifting 
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^ fi„id in said passageways 
io P „ it ion of the — s of 

b ae*-.nd-fortn said generator an, vib.a _ 

7 to „, wherein said member/.— . ~- 

portion u . v. 1c> x,->iume chambers 

rad iallY therefro. outwardly the variaole volua. 

n-F the vibrator. , - 

■ a vibrator accord to ^ - — ' 

\ ^ /i^^U* said mounting 

J w , *«in said »n «.ass member 

member and is exposed. " ' further Includln, 

Tbe viorator system of claim 12, furt. 

...„(„ th* end thereof, wherein 
, fixed shaft having an opemn, in the , „„ aB 

ope „ ing therein aU.abie with the openin, in --J^ 
/haft and a removable fastener extends thrown both 

for securine the moontin, member to the fixed shaft, 
apenmos for secar . conJtruc tion 
and wherein said small mass is -P 
ano includes parts assembleeble from opposite -1. . 

member, and — — - ~* ™ ^ 
parts aboet toe M ~. ■ " 

„ 0 „, tln , member -lib said relatively smb.! , 
hereto may be assembled onto end removed from be c 
sbaft as a single unit by manipulation of sal * «- «. 
T he vibrator system according to claim 13, 

,„ „.haust extends 
• ««' <~"~ °' -" ,Pl ^" 7 ortieB ..tends tbrouob 

tbrougn the shaft ana a second portion ^ 

, aU ^t and an aU^ent p->o fl c V ^ ^ 

through the nountln, member and p.rtx- - 4 6 6 2 4 4 
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. j « j-u ^ ». vihon the alicnment pin is 
-haft, and oriented so that when t.ie ^ . 

inserted into the V- parts thereof the portions of the 
sooply-exhaust passageways in the mounting member are 
correctly aligned with the portions of such passageways 
e— fi.xed__s ha ft. 



» vibrator syste™ according to clain, 13, wherein 
.,"„ »>, «...«*«■ incudes a wal, which is disposed 
eetwerdly of and covers the portion of the counting r 
) cnrough which the fastener extends, and said wall includes 
en access opening in alignment with said fastener. 

..vsoi-antiallv as hereinbefore 
16 , a vibrator system substantially 

. ^ w < mi res 2 to 6, 8 and 7 or 9, 
described with reference to Figures 

1fl fcQ 13 o£ the accompanying drawings, 
or to Figures 10 to i-J ox 



DATED: 1st July, 1975. 
PHILLIPS ORMONDE AND FIT ZP AT RICK 
Attorneys for TE5 INCf 

JAKES S. R09BINS 8c AoSOCIATES , 11*-. 
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